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Chapter I: Introduction 
 
Drastic changes are taking place in the ethanol industry. Ethanol production in the 
United States has increased from approximately 175 million gallons in 1980 to 6.5 billion 
gallons in 2007 (Westcott 2007). More than 99% of all fuel ethanol produced in the 
United States is blended into gasoline.  
Several factors have been driving the production boom. Section 1.1 of this paper 
outlines those factors. 
 
Source: Renewable Fuels Association. Industry Statistics. 
Ethanol is created during the process of fermentation in which organic matter is 
converted into alcohol and carbon dioxide by yeast. Three types of organic matter yield 
ethanol when fermented: sugar, starch and cellulose. In the United States, ethanol is made 
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from starch, namely corn. This is because corn is abundant in the US and has historically 
been available at low prices. The remainder of the world typically derives its ethanol 
from sugar. The most common sources are sugar cane and sugar beets (Manitoba). The 
third type of organic matter, cellulose, is not commonly used for ethanol because the 
technology is not yet cost effective. The possibility of cellulosic ethanol has attracted 
attention recently because of its ability to be derived from certain undesirable products 
such as forest industry waste, municipal solid waste and certain agricultural wastes 
(Baker and Zahniser 2007). 
In the industrial production of ethanol, the fermentation process is facilitated in 
one of two ways: dry-milling or wet-milling. Dry-milling involves grinding the corn into 
a “meal” and then mixing the meal with water to form a “mash.” When wet-milling, the 
corn is steeped in water then ground and separated. The final product is anhydrous 
ethanol (100% pure ethanol that does not contain any water). 
Ethanol has several uses: as an industrial chemical, as the primary ingredient in 
many alcoholic beverages and as a source of fuel. The process for producing ethanol for 
fuel is separate from the production of ethanol for other purposes. The production of 
ethanol for non-fuel uses takes place at a Distilled Spirits Plant (Ethanol Promotion and 
Information Council). The ethanol discussed throughout the remainder of this paper is 
ethanol produced for utilization as fuel.  
In addition to simply substituting for a petroleum product, ethanol is often 
blended into gasoline for its role as an oxygenate. “Oxygenates are substances which, 
when added to gasoline increase the amount of oxygen in that blend” (EIA) and raise the 
gasoline’s level of octane. Higher octane levels result in improved engine performance 
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and reduced carbon dioxide emissions. The most common blend is E10 which consists of 
10% ethanol and is compatible with most vehicles on the road today. E85, which is 85% 
ethanol, is also available but is only compatible with special flex-fuel vehicles. 
1.1 Factors Driving Ethanol Production 
The recent increase in ethanol production in the United States has been driven by a 
combination of several factors. One important impetus for ethanol production is the 
nation’s desire to reduce its dependence on foreign oil. Ethanol is a popular alternative 
because it can be produced from corn, a crop for which the United States has ample 
supply capacity. 
Concerns about global warming have also sparked interest in alternative fuels. Recent 
state and federal regulations reflect the nation’s growing interest in ethanol. Most notable, 
are the four federal regulations summarized in Table 2 below.  
Federal Regulation 
Date 
Signed Pertinent Provisions 
Clean Air Act Amendments of 1990 11/15/1990 
Mandates the winter-time use of oxygenated fuels in 39 major carbon monoxide non attainment areas (areas where EPA emissions standards for carbon monoxide had not been met) and requires year-round use of oxygenates in 9 severe ozone non attainment areas in 1995. 
Energy Policy Act of 1992 10/24/1992 
Requires specified car fleets to begin purchasing alternative fuel vehicles, such as vehicles capable of operating on E-85; provides tax deductions for purchasing (or converting) a vehicle to that could use an alternative fuel such as E-85 and for installing equipment to dispense alternative fuels. Energy Policy Act of 2005 8/8/2005 Introduces the Renewable Fuel Standard which mandates that renewable fuel use in gasoline 
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(with credits for biodiesel) reach 7.5 billion gallons by 2012. Energy Independence and Security Act 12/19/2007 Expands the Renewable Fuels Standard to require that 36 billion gallons of ethanol and other fuels be blended into gasoline, diesel, and jet fuel by 2022. 
Source: Energy Information Administration 
An additional significant policy development was the phase-out of methyl tertiary-
butyl ether, or MTBE. Prior to the year 2000, MTBE was the most common oxygenate 
used in gasoline. In 1999, however, an EPA study found that MTBE leaked from gas 
stations was contaminating groundwater sources. On March 20, 2000 the EPA issued a 
press release stating that the Clinton-Gore Administration would take actions to 
“significantly reduce or eliminate use of the fuel additive MTBE and boost the use of safe 
alternatives like ethanol. The Clinton-Gore Administration [would be] taking these 
actions in order to protect drinking water, preserve clean-air benefits, and promote greater 
production and use of renewable fuels like ethanol.” Subsequently, several states passed 
bans on MTBE, prompting the use of ethanol in its place. 
Federal tax laws also provide incentives for ethanol production. “Under current law, 
tax credits are available to blenders equal to 51 cents for each gallon of ethanol blended 
with gasoline. Additionally, an import tariff of 54 cents per gallon is assessed on 
imported ethanol, with duty-free status on up to 7 percent of the U.S. ethanol market for 
imports from designated Central American and Caribbean countries” (Westcott 2007).  
Finally, the rising price of oil has made alternative fuels like ethanol more 
competitive in the market. The high price of oil, coupled with the federal tax credits and 
production incentives have made ethanol an economically viable gasoline additive. 
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Source: Energy Information Administration 
1.2 Major Hypotheses 
This thesis explores the unanticipated consequences of producing ethanol for use as a 
transportation fuel in the United States. Specifically, this thesis will use statistical 
analysis to determine the effect that increased ethanol production has on the prices of two 
essential American commodities: corn and gasoline. Corn is the primary ingredient in 
99% of ethanol produced in the United States. As a result, the recent surge in ethanol 
production has led to an increase in the demand for corn. Chapter II explores how the 
increase in ethanol production has impacted the price of corn. A simultaneous system of 
the demand and supply of corn will be developed to answer two questions. How much 
lower would the price of corn have been if not for ethanol demand? Does the mix of corn 
used for ethanol and corn-used for non-ethanol purposes matter?  
Evangelista 
9 
 
In addition to affecting the price of corn, the rising use of ethanol as a fuel additive is 
also affecting the price of gasoline. Chapter III is devoted to a similar but distinct model 
which will determine how the proportion of ethanol inputs affects the price of gasoline. 
As with the corn model, a simultaneous system for the demand and supply will be 
developed to determine the effect of ethanol inputs on the price of gasoline. 
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Chapter II: Corn Model 
2.1 Review of Relevant Literature 
 In market year 2007-081, ethanol use accounted for almost a quarter of total corn 
utilization. Historically, feed has been the major source of corn demand, however ethanol  
has begun to crowd out feed’s share. During the sample period2, feed accounted for 57% 
of total corn utilization on average. As of market year 2007, feed comprised only 46.6% 
of demand as ethanol demand grew to 23.8% from an average of 7% during the sample 
period. The other significant source of demand for corn is exports. Japan is the largest 
buyer of US corn exports. Demand for corn for food, alcohol, industrial and seed 
purposes, though not significant, also contribute to total corn utilization. 
  
                        Source: USDA, Economics Research Service, February 20, 2009 
                                               
 
1 The corn market year begins in September and ends in August. 
2 The sample period referenced is from September 1986 – June 2007. 
Quantity     
(million bushels)
5,938.13 46.6%
3026.13 23.8%
2,435.83 19.1%
1,315.45 10.3%
135.4 1.1%
490.3 3.8%
235.59 1.8%
261.77 2.1%
192.4 1.5%
21.83 0.2%
12,737.37 100.0%
Exports
Total Use
Corn Utilization: Market Year 2007
Use
Livestock Feed and Residual
Food, Alcohol and Industrial
Ethanol
Beverage Alcohol
High Fructose Corn Syrup
Glucose and Dextrose
Starch
Cereal and Other
Seed
Share of Total Use
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The potential consequences of increased ethanol production are varied. Their 
impact extends throughout the agricultural sector marking its way into our everyday lives 
via food prices. Researchers at the USDA have published several studies exploring the 
effects of ethanol on the agricultural sector (Baker and Zahniser, 2007; Westcott, 2007).  
In the corn sector these effects include changes in domestic demand, exports, carryover 
stocks, government payments and production decisions.  The U.S. ended market year 07-
08 (September 2007 – August 2008) with corn stocks of 1.6 billion bushels. If corn-based 
ethanol production continues to increase according to USDA projections requiring 4 
billion bushels by 2011 (twice as much as in 2006), adjustments within the corn market 
will be necessary. Despite the current existence of ending stocks, the increased demand 
for corn due to ethanol production puts upward pressure on the price of corn.3 The 
USDA’s 2007 long-term projections predict average corn prices reaching $3.75 a bushel 
in the 2009/10 marketing year. While these studies and others predict the potential effects 
of further ethanol industry expansion, they fail to distinguish exactly how ethanol 
production has impacted the price of corn in recent years. The corn model attempts to do 
just that. 
2.2 Methodology 
The objective of this model is to determine the effects of a change in the quantity 
of corn demanded for ethanol production on the price of corn. To do so, statistical 
analysis will be used to estimate the demand and supply functions for corn. Before 
running these regressions, the underlying model must be specified.  
                                               
 
3 Ending stocks are a component of corn demand. Farmers demand ending stocks so that they have 
inventory to begin the next market year and to protect themselves in the case of a poor harvest. The storage 
costs of corn are small in comparison to not having corn for the following year. 
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The corn model is based on the classic supply and demand framework. The first 
reduced form equation is the supply function in which the quantity of corn supplied (QS) 
is a function of price of corn (PCORN) and other relevant variables (Xi). The second 
equation is an inverse demand function in which the price of corn as a function of the 
quantity of corn demanded (QD) and relevant variables (Vi). The demand equation is 
structured with price as the dependent variable in order to determine the effect that 
changes in the quantity of corn demanded for ethanol and non-ethanol use have on the 
price of corn.  
In order to isolate the effect that a change in the proportion of corn demanded for 
ethanol use has on the price of corn, a variable measuring the ratio of corn for ethanol to 
total corn demanded (QE/QD) is included. The corn model takes the change in the 
quantity of corn demanded for ethanol use to be exogenous. This assumption is based on 
the fact that ethanol is driven by the regulations discussed in Chapter I. Furthermore, 
there are no economically feasible substitutes available for the corn used in ethanol 
production. While the future may see the introduction of biomass as a primary ingredient, 
currently 99% of all ethanol produced in the United States is derived from corn.4 
Westcott’s Amber Waves article (2007) also states that relative to other demands for corn 
such as feed and exports, ethanol demand is inelastic with respect to the price of corn. 
Based on these assumptions, and the fact that ethanol production has been increasing 
rapidly, leaving little time for corn suppliers to adjust, this model will treat QE as 
exogenous. The ratio QE/QD is endogenous since one of its parts (QD) is endogenous.  
                                               
 
4 Other countries, such as Brazil, produce ethanol from sugar cane but this ingredient is not readily 
available in the United States. 
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The third equation is an identity confirming that the quantity supplied is equal to 
the total quantity demanded. 
1. Supply:   PCORN = f (QS, X1, X2, … Xi) 
2. Demand:  PCORN = g(QD, QE/QD, V1, V2, … Vi ) 
3. QS = QD 
2.3 Reduced Form Equations 
The supply function was initially estimated using quarterly data (which is the 
interval used for the demand function data). But because supply is so sensitive to 
seasonal fluctuations, with all of the production happening in one quarter and then the 
supply falling for three consecutive quarters, obtaining accurate estimates proved 
impossible. The next best alternative was to use annual data which are not subject to 
seasonal fluctuations. The supply equation was ultimately regressed using annual data 
from 1975 – 2007 (33 observations).5 Based on data availability for QE, the demand 
function was regressed using quarterly data from 1986 – 2006 (80 observations).  
A comprehensive approach was taken to determine potential exogenous variables for 
the model.6 Factors affecting both the supply and the demand were considered.7 The 
reduced form equations ultimately modeled are as follows: 
1. Supply:  QS  = f (PCORN, YieldCORN, PSOY2, Subsid, PINPUTS) 
2. Demand:  PCORN  = g(QD, QE/QD, GCAU, PSOY) 
3. Identity: QS = QD 
                                               
 
5 Due to data availability, the supply and demand functions are not estimated over the same sample period. 
Supply is estimated using quarterly data from 1975 – 2007 (33 observations) while demand is estimated 
using quarterly data from 1986 – 2006 (80 observations). 
6 For a more detailed description of how each variable was constructed refer to Appendix 1. 
7 For a description of variables that were tested but not included refer to Appendix 3. 
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The included exogenous variables in the supply equation are the average annual yield 
per acre (YieldCORN), the lagged price of soybeans (PSOY2), federal subsidies (subsid) and 
an index of prices paid by farmers for items used for production, wages, interest and 
taxes (PINPUTS). The yield variable encompasses several important supply-side factors. 
Yield per acre captures changes in supply due to significant natural occurrences such as 
drought or crop disease. Yield could also vary due to improved seed technology or 
planting techniques. Each of these factors is exogenous of the price of corn and has 
significant effects on the quantity of corn supplied each year.  
Soybeans are a substitute for corn with respect to crop production decisions. Thus, if 
the price of soybeans is high, farmers might opt to allocate more land to soybean 
production and less to corn. The relevant price for these decisions is the price of soybeans 
during the planting season. The impact of that price will be evident in the supply of corn 
for the entirety of the subsequent market year. Thus, PSOY2 is a lagged price of soy 
reflecting the price from the previous planting season.  
The price of corn data measure the price received before the farmer receives any 
subsidy payments. Federal subsidies do however affect the quantity of corn a farmer is 
willing to supply. The subsidy variable is included to capture that effect. The prices paid 
index is included to capture the effect of rising input prices on farmer’s production 
decisions.  
In addition to QE/QD, the exogenous variables that affect the demand equation include 
an index measuring the quantity of grain-consuming animals (GCAU), and the current 
market price of soybeans (PSOY). Historically, feed has been the largest source of corn 
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demand.8 The index of the quantity of grain-consuming animal units (GCAU) was 
included to represent the change in the quantity of corn demanded for feed due to 
changing quantities of livestock. Corn is a primary ingredient in the feed served to most 
cattle, hogs and poultry. This model takes GCAU as exogenous based on the assumption 
that on average, livestock production decisions are made 6 quarters prior to the current 
period. As GCAU increases, the demand for corn as feed increases and the price 
increases. The second included exogenous variable also pertains to corn used as feed. 
Soybeans are a substitute for corn as feed. As the price of soybeans falls, ceteris paribus, 
farmers switch to using more soy and less corn to feed their livestock. The result is a 
decrease in the quantity of corn demanded. 
2.4 A Simultaneous System 
The corn model is a simultaneous system. The quantity of corn and the price of 
corn are jointly determined. The price of corn is a function of the quantity of corn and the 
quantity of corn is a function of the price of corn. 
Pcorn = f(Q) and Q = g(Pcorn) 
The three endogenous variables in this model are PCORN, QS,, and QD. Because 
causation runs in both directions between Q and P, this system violates the Classical 
Assumption of independence between the error term and the explanatory variables. As a 
result, OLS estimates of simultaneous systems are biased and inconsistent. The method of 
Two-Stage Least Squares (2SLS) is applied in order to obtain consistent estimates. 2SLS 
entails replacing the endogenous explanatory variables with instrumental variables.  
                                               
 
8 Feed accounted for 56% of corn demand, on average, throughout the sample period. 
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 An instrumental variable must be “a good proxy for the endogenous variable and 
uncorrelated with the error term” (Studenmund 1997). Mathematically, the instrumental 
variable, z, must satisfy the following two assumptions: 
1.) z is uncorrelated with the error, u:  Cov(z,u) = 0. 
2.) z is correlated with the endogenous variable, x: Cov(x,z) ≠ 0. 
If z satisfies both assumptions then z can be an instrument for x (Wooldridge 2006).  
In the supply function, QS is the dependent variable and PCORN is the endogenous 
independent variable. PCORN must therefore be instrumented as described above. 
Variables that satisfy the above assumptions are any exogenous variables from the 
demand equation that are not correlated with the error term of the supply equation. In this 
model, these variables include GCAU and PSOY. They are suitable instruments because 
they are correlated with the endogenous variable PCORN, but uncorrelated with the error. 
Tests challenging the validity of these assumptions are discussed in section 2.6. 
Similarly, in the regression of the demand function, the exogenous variables from 
the supply function serve as instruments. In addition to the supply-side variables already 
mentioned, three quarterly dummy variables were used as instruments to capture the 
effect of seasonal fluctuations in supply. The quarterly dummies were not included as 
exogenous variables in the supply equation because it was estimated using annual data, 
but are necessary instruments for QD because the demand function is estimated using 
quarterly data. Additionally, the subsidy variable was not used as an instrument for QD 
because the Hansen J-statistic9 revealed that it does not satisfy both of the above 
                                               
 
9 See Section 2.6 for a discussion of the Hansen J-statistic and other identification tests. 
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conditions. The variables ultimately utilized to instrument QD are yield per acre, the 
lagged price of soybeans, the price of inputs and the quarterly dummy variables.  
2.4.1 Identification 
A necessary condition of using 2SLS to estimate a simultaneous system is that the 
system be properly identified. The problem of identification occurs because supply and 
demand are determined simultaneously with the price. Without including any 
predetermined variables, it would be impossible to distinguish supply from demand 
(Studenmund 1997). 
 
                      
If both the supply curve and the demand 
curve shift, neither curve is identified. 
A shifting supply curve allows the 
identification of the demand curve.
Source: (Studenmund 1997) 
The regression of the demand function satisfies the condition of identification by 
including at least one predetermined variable that affects the quantity of corn supplied but 
not the demand. Similarly, the supply curve is identified by including at least one 
predetermined variable that shifts demand, but not supply. Once a system is properly 
identified, each of the curves can be “traced” out by shifts in the other.  
Exogenous demand-side variables that identify the supply curve include GCAU 
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and  PSOY. Exogenous supply-side variables that identify the demand include curve yield, 
the price of inputs, the lagged price of soy and the quarterly dummies. Including these 
exogenous variables in the form of instruments is sufficient to satisfy the identification 
condition.  
2.4.2 Order Condition 
The Order Condition is also necessary for identification. This condition requires that 
the number of exogenous variables in the entire system be greater than or equal to the 
number of slope coefficients in each reduced form equation. In this model, each reduced 
form equation is over-identified, which is sufficient to satisfy the order condition. 
1. Supply:   PCORN = f (QS, YieldCORN, PSOY2, subsid, PINPUTS) 
2. Demand:  PCORN  = g(QD, QE/QD, GCAU, PSOY) 
3. Identity: QS = QD 
 
Equation 
 
Status 
# exogenous 
variables in 
system10 
 
> or = or < 
# slope 
coefficients in 
equation 
1.) Over-identified 9 > 5 
2.) Over-identified 9 > 4 
3.) Identity - - - 
2.5 Results 
 After confirming that all necessary conditions were satisfied, the following supply 
and demand functions were regressed using two-stage least squares. 
ln(QS) = α 0 + α 1ln(Pcorn) + α 2ln(YieldC) + α 3ln(PSOY2) + α 4Subsid + α 5ln(Pinputs) + ξ 
                                               
 
10 The nine variables exogenous variables in the system include the three quarterly dummies which do not 
show up in the reduced form equations. 
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ln(PCORN)  = γ0 + γ1 ln(QD) + γ2 ln(QE/QD) + γ3 ln(GCAU) + γ4 ln(PSOY)  + ξ 
With the exception of subsidies and the quarterly dummies, both regressions were 
conducted in log-log format. This format is consistent with the standard economic 
convention of reporting results as elasticities, a unit-less form of measurement.  
The regressions were performed using Stata, a statistical software package. The 
Stata command used to estimate 2SLS is “ivreg2.” Two optional commands “gmm2s” 
and “robust” were also utilized in order to obtain better estimates. Gmm2s is based on the 
general method of moments and produces consistent and efficient estimates in the 
presence of errors that are not identical and independently distributed. Consistent 
estimates converge in probability to the population parameter as the sample size grows. 
The robust option is utilized because the assumption of homoskedasticity (constant 
variance in the error term) does not hold. This option affects only the coefficients’ 
standards errors and interval estimates and does not affect the point estimates of the 
coefficients. The command for ivreg2 is as follows: 
ivreg2 Y Zi (X1 X2 = IA IB IC ID), gmm2s robust 
where Y is the dependent variable; Zi are any exogenous explanatory variables; X1 and 
X2 are the endogenous explanatory variables and Ik are the instrumental variables that 
replace X1 and X2.  
Following the above format, the command for the supply function is 
ivreg2 QS PINPUTS YieldCORN PSOY2 (PCORN = GCAU PSOY), gmm2s robust 
The table below presents the results of this regression.  
Evangelista 
20 
 
  
 The R-squared for the supply regression equals 0.999. An R-squared close to one 
suggests that almost all of the variation in the dependent variable (QS) can be explained 
by the exogenous variables.11 In other words, the exogenous variables that have been 
included do a good job explaining changes in the quantity of corn supplied. 
The coefficient of particular interest in the supply equation is α 1. Economic 
theory suggests that as the price of corn rises the quantity of corn that farmers are willing 
to supply increases. Graphically, this looks like the traditional upward sloping demand 
curve.  As expected, the coefficient on PCORN is positive. In its log-log format, this 
coefficient measures the percent change in quantity with respect to a one percent change 
in price. In economics, this measurement ,%௱ொ%௱௉, is called the price elasticity of supply. The 
regression resulted in α 1 equal to 0.300, significant at a 99.1% confidence level. A value 
of 0.300 means that a 1% increase in the price of corn prompts a 0.3% increase in the 
                                               
 
11 R2 = 1 means that all of the variation in y can be explained by the exogenous variables. R2 = 0 means that 
none of the variation in y can be explained by the exogenous variables. 
Number of Observations = 33
Name Variable Coefficient Robust Std. Err. P-Value
Price of Corn ln(Pcorn) 0.300 0.114 0.009
Yield per Acre ln(YieldC) 0.947 0.193 0.000
Lagged Price of Soybeans ln(Psoy2) -0.170 0.107 0.112
Subsidies* ln(subsid) 0.000 0.000 0.007
Price of Inputs ln(Pinputs) -0.044 0.111 0.690
Constant _cons 5.011 0.433 0.000
* Coefficient and Std. Error equal zero due to rounding.
ln(QS) = α 0 + α 1ln(Pcorn) + α 2ln(YieldC) + α 3ln(PSOY2) + α 4ln(Subsid) + α 5ln(Pinputs) + ξ
Corn Supply Regression
Uncentered R2 = 0.999
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quantity of corn supplied by farmers. 
That the price elasticity of supply is less than one confirms that the supply of corn 
is inelastic with respect to the price of corn. The supply of corn, like all agricultural 
products, is determined during the planting period and cannot be increased throughout the 
year. This fact limits the farmers’ ability to adjust the quantity of corn supplied in 
response to a change in the price of corn.  
The average annual yield per acre of corn encompasses many factors that affect 
the supply of corn including climate, weather, farm management practices, crop variety 
and soil type (Westcott and Hoffman, 1999). A higher yield per acre indicates a reduction 
in the average cost per bushel of corn. As a result of the reduced costs, an increase in 
yield per acre makes farmers more willing to supply corn at any price, modeled by a 
rightward shift in the supply curve. As expected, the coefficient on ln(YieldC) α 2, is 
positive. A 1% increase in yield per acre results in a 0.94% increase in the quantity of 
corn supplied. 
A variable representing the price of soybeans is included in the supply equation 
because soybeans are the closest substitute for corn in crop planting decisions. When the 
price of soybeans rises, farmers are likely to convert some corn fields to soybean 
production to take advantage of soybean’s higher prices. Thus, an increase in the price of 
soybeans prompts a contraction in the quantity of corn supplied. The coefficient on 
ln(PSOY2), α 3 equals -0.170, appropriately reflecting this negative relationship. 
It is expected that an increase in government subsidies raises the quantity of corn 
that farmers are willing to supply at any given price. The regression results, however, 
yielded a coefficient on subsidies α 4 = 0.000. This suggests that relative to the other 
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exogenous variables, subsidies have little impact on the quantity of corn supplied. It is 
important to note, however, that the available subsidy data are a mix of pure entitlement 
payments not specific to particular crops. Also, some subsidies affect production 
decisions while other are ex post. Thus, it is difficult to unravel the reported subsidy data 
to identify only those that might affect planting decisions. 
The variable PINPUTS measures the prices paid by farmers for items used for 
production, wages, interest and taxes. As the costs of inputs rise, farmers are willing to 
supply less corn for the same price. Graphically, this is represented by a leftward shift in 
the supply curve. The coefficient α 5 = -.044 suggests that with a 1% increase in the cost 
of inputs, farmers will supply 0.17% less corn holding the price of corn constant. But 
because this variable is not statistically significant, the hypothesis that α 5 = 0.00 cannot 
be rejected. 
The Stata command for the demand equation is 
ivreg2 PCORN GCAU PSOY (QD QE/QD = PINPUTS YieldCorn PSOY2 Q1 Q2 Q3), gmm2s robust 
The table below presents the results of the demand regression.  
 
Number of Observations = 80
Name Variable Coefficient Robust Std. Err. P-Value
Quantity of Corn Demanded ln(QD) -0.117 0.065 0.069
Ratio of Corn Demanded for Ethanol 
to Total Corn Demand ln(QE/QD) -0.003 0.036 0.936
Grain-Consuming Animal Units ln(GCAU) 0.267 0.201 0.183
Price of Soybeans ln(Psoy) 0.759 0.083 0.000
Constant _cons -0.431 0.684 0.529
ln(PCORN)  = γ0 + γ1 ln(QD) + γ2 ln(QE/QD) + γ3 ln(GCAU) + γ4 ln(PSOY)  + ξ
Corn Demand Regression
Uncentered R2 = 0.980
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The R-squared for the demand regression equals 0.98 suggesting that almost all of 
the variation in the dependent variable (PCORN) can be explained by the exogenous 
variables. 
In the demand equation, two coefficients are of particular interest: the coefficient 
on QD, γ1, and the coefficient on QE/QD, γ2. The 2SLS regression resulted in a value of γ1 
equal to -0.117 at a 94.1% significance level. The results yielded γ2 equal to -0.003, but 
with a P-value equal to 0.936, which is not at all significant. Thus, the null hypothesis 
that the ratio QE/QD has no effect on the price of corn cannot be rejected.  
The variable, QD appears twice in the demand equation: by itself and also in the 
ratio QE/QD. According to the properties of logs, ln(QE/QD) = ln(QE) – ln (QD).  
Therefore, the elasticity12 of PCORN with respect to QD is equal to γ1 – γ2. Because γ2 was 
found to be highly insignificant, in this model the elasticity %௱௉%௱ொ = γ1 = -0.117. In other 
words, a 1% increase in the total quantity of corn demanded corresponds to a 0.117% 
decrease in the market price of corn. The negative coefficient accurately reflects the 
negative relationship between price and quantity demanded. Consumers demand more of 
a good when its price falls. Graphically, the negative coefficient results in the traditional 
downward sloping demand curve.  
Because the demand regression is structured so that price is the dependent 
variable, the inverse of the above described elasticity yields the traditional price elasticity 
                                               
 
12 Elasticity = 
%௱௉%௱ொ 
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of demand, %௱ொ%௱௉. The price elasticity is then 1/-0.117 = -8.54.13 Because the absolute 
value of the price elasticity is greater than one, it can be confirmed that the demand for 
corn is highly elastic with respect to the price of corn. Factors such as the availability of 
substitutes (soybeans, other grains) and corn’s ability to be stored for long periods of time 
contribute to the product’s highly elastic demand. When prices are high, consumers 
(primarily livestock producers) can easily revert to other types of feed grains and when 
prices are low, it is in farmer’s interest to store grains for use at a later time when prices 
might be higher. 
The coefficient on QE/QD estimates the effect that the mix of ethanol and non-
ethanol demand has on the price of corn. The results of the regression yield a coefficient 
of γ2 = -0.003 that is statistically insignificant (P-value = 0.936). The lack of significance 
for this variable is mostly likely explained by the fact that ethanol use accounts for a 
relatively small portion of all corn utilization. Furthermore, there is no ex ante reason 
why the mix of uses comprising the demand for corn should matter.
    
                                               
 
13 Inverting the fraction 
%௱௉%௱ொ to obtain the price elasticity of demand is not 100% accurate because the 
regression contains some degree of unexplained error that is specific to the direction of the regression in 
which price is regressed on quantity. Because the un-centered R2 = 0.98, we can assume that most of the 
error is explained. 
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At the beginning of the sample period, in market year 1987-88, only 4% of total 
corn demanded was used for ethanol production. By market year 2006-07 corn demanded 
for ethanol production rose to a 19% share. As evidenced by the ethanol production chart 
in section 1, much of this increase occurred within the last five years of the sample 
period. Whether a one fifth share results in a significant effect on the price of corn cannot 
be determined given the length of the sample period. As the share of corn used for 
ethanol production grows, the segment’s effect on price will likely become more 
significant. As time goes on, however, the corn market will adjust. Suppliers will respond 
by planting more corn, but if increased supply is not sufficient to meet demand, corn will 
likely be diverted from other uses such as feed and exports (Westcott 2007). 
The coefficient on GCAU measures the elasticity of the price of corn with respect 
to a change in the quantity of grain-consuming animal units. This model counts GCAU as 
exogenous based on the assumption that, on average, livestock production decisions are 
made six quarters prior to the current period (see Appendix 1). As GCAU increases, the 
demand for corn as feed increases (represented by a rightward shift in the demand curve) 
and the price of corn rises. The results correspond to this interpretation as  γ3 = 0.267. The 
coefficient is significant at an 81.7% confidence level. 
The final slope coefficient estimated in the regression of the demand function is 
γ4, the coefficient on the price of soybeans. Soybeans are a substitute for corn used as 
feed. Since feed comprises 56% of all corn utilization, changes in the price of soybeans 
are likely to have significant effects on the demand for corn as feed. As expected, γ4 is 
positive. As the current price of soybeans rises, farmers switch to using more corn to feed 
their livestock, shifting the demand curve rightward and putting upward pressure on the 
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price of corn. The results of the 2SLS regression show γ4 equal to 0.7549 at a 100% 
significance level. 
Given that the signs and magnitudes of all the coefficients are consistent with the 
expectations based on economic theory, the estimated demand equation can be assumed 
to provide a reasonable and credible model of the demand for corn.  
2.6 Identification Tests 
 Two tests were conducted to ensure that the two-stage least square results are 
good estimates. The Hansen J Statistic was used to test the assumption that the 
instruments are not correlated with the error. A rejection of the null hypothesis that the 
instruments are uncorrelated with the error casts doubt on the independence of the 
instruments. In the supply function the null hypothesis is not rejected. The set of 
instruments are satisfactory. In the demand function, the null hypothesis is rejected at a 
98% confidence level. In the demand function, PINPUTS YieldCorn PSOY2 Q1 Q2 Q3 were 
used to instrument QD and QE/QD. This is likely explained by the fact that the instruments 
are weak proxies for QE/QD. When QE/QD is not included in the regression (but all other 
variables remained unchanged), the null hypothesis is rejected at a lower confidence level 
(P-value = 0.04). 
 The Kleibergen-Paap rk LM statistic tests whether the model is properly 
identified. A failure to reject the null hypothesis suggests that the model is under-
identified. The supply function is sufficiently identified as the null hypothesis is rejected 
at a 92.5% significance level. The demand function is also identified. The null hypothesis 
is rejected with 100% confidence. 
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Supply Function Identification Tests 
Name Description Statistic Chi-Sq 
P-
Value 
Hansent J Statistic Over-identification Test of All Instruments 1.494 
Chi-
sq(1) 0.2215 
Kleibergen-Paap rk 
LM statistic Under-identification Test 5.192 
Chi-
sq(2) 0.0746 
 
 
Demand Function Identification Tests 
Name Description Statistic Chi-Sq 
P-
Value 
Hansent J Statistic Over-identification Test of All Instruments 11.424 
Chi-
sq(4) 0.0222 
Kleibergen-Paap rk 
LM statistic Under-identification Test 28.193 
Chi-
sq(5) 0.0000 
2.7 Discussion 
Having estimated the supply and demand functions for corn, the questions about 
ethanol’s impact on the price of corn can now be answered.  
The first, more pressing question this thesis seeks to answer is: How has the increase 
in ethanol production impacted the price of corn?  
The corn model treats QE as an exogenous variable based on the assumption that 
demand for corn for ethanol production is driven by ethanol regulations (discussed in 
Section 1), not by the current price of corn. The total quantity demanded, QD, is equal to 
the horizontal summation of corn used for ethanol (QE) and the corn demanded for non-
ethanol uses (QNE).  
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Treating QE as exogenous means that a change in QE can be interpreted as a shift 
in the demand curve (as opposed to a change in QD which represents movement along the 
demand curve). Given this assumption, an increase in the quantity of corn demanded for 
ethanol production shifts the demand curve to the right and raises the price of corn. 
In order to determine the impact this shift has on the price of corn, the actual 
market equilibrium must be compared to the equilibrium that would have resulted if not 
for the demand from ethanol. In the graph below, the actual market equilibrium is 
represented by intersection 2, and the equilibrium excluding ethanol demand is at 
intersection 1.  
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At equilibrium 2, the quantity of corn is equal to QD, the total quantity of corn 
demanded. At equilibrium 1, the quantity of corn is equal to the total quantity of corn 
demanded for all non-ethanol uses (QNE). Recall, that QD equals the sum of QNE and 
QE. Thus, the difference between QD and QNE is the quantity of corn demanded for 
ethanol use. P2, the price that corresponds with the real market equilibrium is the price 
that was actually charged.  Solving for P1, the price that would have been charged if no 
corn were purchased for ethanol production, reveals the impact of ethanol demand on the 
price of corn. 
Elasticity = (%ΔQ)/(%ΔP) = (((QD-QNE))/((QD+QNE)/2))/(((P2-P1))/((P1+P2)/2)) 
 P1 can be solved for by plugging values in for E, QD, QNE and P2. The elasticity 
is the price elasticity of supply (α 1). The regression of the supply function resulted in a 
value of α 1 = 0.30. This value is constant for all years in the sample period. The values of 
QD, QNE and P2 differ with each observation. This calculation was computed to 
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determine P1 for each market year from 1986 to 2007. The following table outlines the 
results. 
Market 
year 
Actual 
Market 
Price 
Price if   
QE = 0 
Change 
in 
Price 
Percent 
Increase 
1986 $1.50 $1.31 $0.19 14% 
1987 $1.94 $1.72 $0.22 13% 
1988 $2.54 $2.22 $0.32 14% 
1989 $2.36 $2.06 $0.30 14% 
1990 $2.28 $1.96 $0.32 17% 
1991 $2.37 $1.99 $0.38 19% 
1992 $2.07 $1.74 $0.33 19% 
1993 $2.50 $2.03 $0.47 23% 
1994 $2.26 $1.86 $0.40 22% 
1995 $3.24 $2.77 $0.47 17% 
1996 $2.71 $2.29 $0.42 18% 
1997 $2.43 $2.01 $0.42 21% 
1998 $1.94 $1.60 $0.34 21% 
1999 $1.82 $1.48 $0.34 23% 
2000 $1.85 $1.48 $0.37 25% 
2001 $1.97 $1.53 $0.44 28% 
2002 $2.32 $1.60 $0.72 45% 
2003 $2.42 $1.61 $0.81 50% 
2004 $2.06 $1.32 $0.74 56% 
2005 $2.00 $1.19 $0.81 68% 
2006 $3.04 $1.47 $1.57 107% 
2007 $4.20 $1.60 $2.60 163% 
Average $2.41 $1.88 $0.52 31% 
 
On average, from 1986-2007 the price of corn was $2.41. If not for ethanol-based 
demand the market price of corn would have only been $1.88. Thus, the exogenous 
ethanol demand caused a 31% increase in the average price of corn. 
The following graph illustrates the divergence between the actual market price of 
corn, and the price that would have been charged had ethanol not raised demand.  
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 It is clear by referring to the plot of QE below, that as the quantity of corn 
demanded for ethanol increases, the spread between the actual market price and the price 
if not for ethanol widens.  
 
 There are several possible explanations for this price divergence. The above 
calculations use the actual market price for P2. One possible cause for the divergence 
could be that there is a difference between the actual values and the fitted values for P2. 
To test this possibility, the above calculations were conducted a second time using the 
fitted values for the price of corn. The fitted values did not significantly alter the results. 
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On average during the sample period, the price of corn would be 31% lower if not for 
ethanol, regardless of if fitted values or actual values were used for the prices in the 
calculation.   
The second possible explanation for the divergence considers the changing 
conditions in the corn market.  Ethanol production really takes off starting in 2002. 
Larger quantities of corn demanded for ethanol, result in a greater distance between the 
actual demand and the potential demand (if no corn were demanded for ethanol). In the 
graph below, Demand 1 would be farther to the left, resulting in a lower equilibrium price 
for P1. 
 
A third possible explanation is that the large divergence occurring in the later 
years of the sample period should not be taken at face value but should be considered 
with the economic context in mind. As the demand for corn for ethanol expanded, 
pushing corn prices higher, it is likely that farmers increased their supply of corn to take 
advantage of the higher prices. The following graph shows that quantity of corn supplied 
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did in fact rise as both the quantity of corn for ethanol (QE) and the quantity of corn for 
non-ethanol uses (QNE) increased. 
 
 
  
[Note: QS > QNE + QE due to existence of Ending Stocks.] 
 
 Once the boom in ethanol production became evident, farmers increased the 
quantity of corn supplied. For later years in the sample period then the graph representing 
the corn market should include a shift in demand as well as a shift in supply. In the graph 
below, Demand 1, shows what the demand curve would have been if not for ethanol and 
Supply 1 shows what supply would have been if not for the farmer’s anticipation of 
ethanol demand. Thus, the equilibrium that would have occurred had zero corn been 
demanded for ethanol use would have been at intersection 3. Taking the shift in supply 
into account reveals that the price would not be as low as the previous calculations 
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suggest. The price (if not for ethanol) probably would be somewhere in between P1(the 
price calculated in this model) and P2 (the actual price charged). 
 
  The failure of the model to capture the shift in supply explains the spike in the 
increase in price due to ethanol (pictured below).  
  
 While it is reasonable to assume that farmers increase the supply of corn in 
anticipation of higher ethanol demand, their projections are not always accurate. 
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Decisions farmers make during the planting season dictate the supply of corn the entire 
year. Ethanol production can change at a much quicker pace, limiting the farmer’s ability 
to accurately project demand. If the farmer’s predictions were perfect, the increase in 
corn due to ethanol would be completely offset by the increase in the quantity of corn 
supplied, resulting in no price change. The more the farmers underestimate the demand 
for corn, the larger will be the resulting price differential between the actual market price 
and the price that would have been charged if no ethanol was demanded. 
Given that this model fails to accurately estimate the price if not for ethanol from 
2002 on, a modified set of results were calculated using data from the period 1986-2001. 
During this period the average market price was $2.24. According to this model, the 
market price would have been $1.88 without the ethanol-based demand for corn.  
The corn model can also be used to answer a secondary question about the impact 
of ethanol demand on the price of corn. Does the proportion of corn demanded for 
ethanol (QE) relative to total corn demand (QD) matter? The variable QE/QD reflects the 
mix of QE and QNE. A statistically significant coefficient on QE/QD would suggest that 
the mix between QE and QNE does matter. The results of this regression, however, yielded 
a coefficient on QE/QD that is highly insignificant. The p-value equals 0.936. Whether 
corn is used for ethanol or for other purposes does not affect the price of corn. 
In summation, the increased demand for corn for ethanol has had a significant 
effect on the price of corn. During the period 1986-2001, corn demanded for ethanol 
production caused the price of corn to be 19% higher than it otherwise would have been. 
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Chapter III: Gasoline Model 
 
 Over the past twenty years, ethanol has increasingly been used as an input in 
gasoline. It is a desirable input because of its ability to enhance octane levels and 
oxygenate the fuel. Ethanol is added to gasoline in a process called splash-blending. 
Ethanol cannot be transported via pipeline, like gasoline, because it tends to absorb the 
water that resides in the pipes. As a result, some blending takes place at gasoline 
refineries, but most occurs at blending and storage terminals located close to its 
destination. Tanker trucks then deliver the blended gasoline to retail stations (EIA 2002). 
 Data measuring the actual ethanol concentration of each gallon of gasoline sold is 
not available. The Energy Information Association does track the total quantity of ethanol 
inputs that are splash-blended into gasoline each month. The proportion of ethanol per 
gallon is calculated by dividing the quantity of ethanol inputs by the total quantity of 
finished gasoline produced at refineries and blenders each month. The splash-blended 
gasoline is then sold at wholesale prices to gasoline retailers. To maintain consistency 
with the quantity data for ethanol inputs and gasoline production, the price data used in 
this model are the wholesale prices received by refiners. Although determining the effects 
on the retail price of gasoline would be preferable, since those are the prices faced by the 
majority of American consumers, any conclusions drawn using wholesale prices can 
easily be extended to retail prices because the wholesale price and retail prices are highly 
correlated. The correlation coefficient between the two prices is 0.9983. 
 The proportion of ethanol inputs has increased significantly over the past 15 
years. The graph below illustrates this trend. The following model will analyze how the 
increasing quantity of ethanol per gallon of gasoline affects the price of gasoline. 
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3.1 Methodology 
The objective of this model is to determine how changes in the quantity of ethanol 
inputs affect the price of gasoline. Ethanol inputs can affect the price of gasoline through 
two channels: by a change in the proportion of ethanol inputs (QEI/QSG) and by a change 
in the price of ethanol (PE). Because these are both supply side variables, a statistical 
regression of the supply function will be conducted. The resulting coefficients on QEI/QD 
and PE will be analyzed to determine the effects on the price of gasoline. 
The quantity of ethanol inputs (QEI) is an exogenous variable. It is determined by 
exogenous factors including regulations and octane requirements, not by the price of 
gasoline. The ratio QEI/QSG is endogenous because QD is determined simultaneously with 
the price of gasoline. As an endogenous variable, a change in the ratio affects the slope of 
the supply curve. But holding the quantity of gasoline supplied constant, a change in 
ethanol inputs shifts the supply curve. The price of ethanol is also an exogenous variable 
in the gasoline supply function. A change in PE shifts the supply curve, ceteris paribus. 
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The price of ethanol is assumed to be exogenous based on the following 
assumptions. The fuel ethanol industry is a competitive market with a large number of 
ethanol producers (American Ethanol Coalition). Given the easily accessible forecasts of 
gasoline demand, these producers are able to anticipate any shifts in the demand for 
ethanol and adjust their prices accordingly. Furthermore, there are ethanol stocks 
available (EIA Annual Energy Outlook 2007) to account for any unpredicted swings in 
demand. Given these assumptions, the price of ethanol will remain fairly constant and 
can be assumed to be exogenous of the demand for gasoline. 
Graphically, as the demand for ethanol increases, the demand curve shifts right. 
Ethanol production is assumed to be an increasing cost industry, and as new firms enter 
the market, the supply curve shifts right in response to the increased demand. But because 
there are adequate stocks of ethanol to respond to any sudden shifts the price of ethanol 
remains fairly constant [see graph below]. Thus, the price of ethanol can be treated as 
exogenous. 
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3.2 Reduced Form Equations 
Before estimating the supply function, the underlying equations of the entire model 
must be specified. The gasoline model is based on the classic supply and demand 
framework. The reduced form equations are as follows: 
1. Supply:   PG = f (QSG, QEI/QSG, PE, X1, X2, … Xi) 
2. Demand: PG = g(QDG, V1, V2, … Vi ) 
3. QSG = QDG 
The supply function is structured with price as the dependent variable in order to 
determine the effect that changes in ethanol inputs have on the price of gasoline. The 
inverse supply function shows the price of regular gasoline (PG) as a function of the 
quantity of gasoline supplied (QSG) and other relevant variables (Xi). This model utilizes 
the price of regular grade gasoline, as opposed to a composite price reflecting all grades, 
in order to achieve the best estimates possible. With a composite price, changes in price 
could simply be due to changes in the proportion of each grade sold. Regular grade was 
selected because approximately 75% of all gasoline sold during the sample period was 
regular grade.  
The second equation is the inverse demand function in which the price of gasoline 
PG is a function of the quantity of gasoline demanded (QDG) and any relevant variables 
(Vi). The third equation is an identity confirming that the quantity supplied is equal to the 
total quantity demanded. 
The exogenous variables included in the model were determined by considering 
the factors that affect the supply and demand for gasoline. In addition to QEI/QSG and PE, 
the supply of gasoline is also a function of the refinery yield (YieldG), the number of US 
hurricanes (QHURRICANES) and the price of oil (POil). The reduced form supply function is 
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therefore: 
PG  = f (QSG, QEI/QSG, PE, POIL, YieldG, QHURRICANES) 
Changes in refinery yield reflect improvements in refining technology and 
efficiency. The QHURRICANES variable measures the number of hurricanes that caused 
significant monetary damage in the US month. This variable is a proxy for the number of 
unplanned refinery outages (for which data was not available).  
The price of oil is the most important supply side variable because oil is the 
primary input in gasoline. The POIL variable captures changes due to international events, 
political instability, OPEC policy changes and other macroeconomic factors. The United 
States accounts for 25% of total world oil consumption and 45% of the US oil supply is 
used for gasoline. Thus, the fraction of the world’s oil supply that is used as gasoline in 
the US equals 11.25%. Due to the oligopolistic nature of the oil industry and the OPEC 
cartel, it is likely that oil producers set prices according to forecasted demand for oil. 
Because US gasoline comprises a significant portion of world oil demand, it cannot be 
assumed that the price oil is determined exogenously from the equilibrium price and 
quantity of gasoline in the US. To accommodate these feedback effects the price of oil is 
treated as an endogenous variable in the system and is estimated using instrumental 
variables. 
The price of oil data used in the model correspond to the refiner acquisition cost. 
The price is a weighted average of domestic and imported oil in the United States. This 
model assumes that the price of regular gasoline is a function of the contemporaneous 
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price of oil.14 
Several variables affect the demand for gasoline: vehicle miles traveled (VMT), 
real Gross Domestic Product per Capita (GDP), the cost of public transportation 
(PTRANSIT), the proportion of regular grade gasoline sold relative to total gasoline sold 
(PropReg), and a dummy variable (month) that reflects the seasonal increase in demand 
each summer.  
Vehicle Miles Traveled reflects the change in demand for gasoline due to changes in 
consumer’s driving habits. This variable will likely increase as the population grows and 
as more cars are purchased per household. Real GDP per capita was included to capture 
the increase in demand for gasoline from both businesses and households. A per capita 
measurement was selected because VMT already reflects changes in aggregate demand. 
Public transportation is a substitute for personal vehicle transportation, the cost of which 
depends on the price of gasoline. As gasoline prices rise, consumers may opt to take 
public transit, thus reducing the demand for gasoline. The proportion of regular grade 
gasoline sold is an exogenous variable because it is determined by automakers when they 
decide what type of engines to put on the market. The month dummy variable is included 
to reflect the seasonal upswing in the price of gasoline that occurs every summer. 
Though the demand function itself will not be estimated, the exogenous variables will 
be used to identify the supply curve and instrument the endogenous explanatory 
variables. 
3.3 A Simultaneous System 
The gasoline model is also a simultaneous supply and demand system.  
                                               
 
14 There does not appear to be a substantial lag between the price of oil and the price of gasoline used in 
this model. The majority of the peaks and troughs for each price occur in the same period.  
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PG = f(QG) and QG = g(PG) 
This model has four15 endogenous variables: the price of gasoline (PG), the quantity of 
gasoline supplied (QSG), and the quantity of gasoline demanded (QDG), and the price of 
oil.16 As explained in Chapter II, simultaneous systems violate the Classical Assumption 
of independence between the error term and the explanatory variables. This model will be 
estimated using Two-Stage Least Squares to correct for that violation. 
As discussed in the previous section, the supply function has three endogenous 
explanatory variables that will be estimated using instrumental variables: QSG, QEI/QSG, 
and POIL. The instruments used are the exogenous variables from the demand function, 
vehicle miles traveled (VMT), real Gross Domestic Product per Capita (GDP), the price 
index for public transportation (transit), the proportion of regular grade gasoline sold 
relative to total gasoline sold (PropReg), and the seasonal dummy variable (month).  The 
group of instruments is correlated with the endogenous variables, but is uncorrelated with 
the error. Tests challenging the validity of these assumptions are discussed in section 3.6. 
3.4 Identification and Order Conditions 
 In the gasoline model, the supply curve is identified by the exogenous variables 
that shift demand and “trace” out supply. These variables include vehicle miles traveled, 
the price of public transit, real GDP per capita, the proportion of regular grade gasoline 
and the monthly dummy variable. These variables are included in the regression in the 
form of instruments. The Under-identification test discussed in section 3.6 reveals the 
                                               
 
15 QEI/QSG is also endogenous but is not counted as a fifth endogenous variable because its endogeneity is 
due to QSG which has already been accounted for.  
16 There is an additional equation in which the price of oil is a function of the quantity of US gasoline, but 
that equation need not be estimated for this model. 
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confidence level at which the above mentioned variables satisfy the identification 
condition. 
Each reduced-form equation in the gasoline model is over-identified. Thus, the order 
condition for simultaneous systems is satisfied. 
1. Supply: PSG  = f (QSG, QEI/QSG, PE, POIL, YieldG, QHURRICANES) 
2. Demand: PDG  = g(QDG, VMT, GDP, PTRANSIT, PropReg, Month) 
3. Identity: QSG = QDG 
 
 
Equation 
 
Status 
# exogenous 
variables in 
system17 
 
> or = or < 
# slope 
coefficients in 
equation 
1.) Over-identified 7 > 6 
2.) Over-identified 7 > 6 
3.) Identity - - - 
3.5 Results 
The Two-Stage Least Squares method was used to estimate the following supply 
function for gasoline. 
ln(PG) = β0 + β1ln(QSG) + β2ln(QEI/QSG) + β3ln(PE) + β4ln(YieldG) + β5ln(Poil) + β6(QHURRICANES)+ ξ 
The supply function was estimated using monthly data from January 1993 to April 2007. 
As with the 2SLS regression in the corn model, the gmm2s and robust options were 
utilized. The regression yielded the following results. 
                                               
 
17 The nine variables exogenous variables in the system include the three quarterly dummies which do not 
show up in the reduced form equations. 
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 The R-squared for the supply regression equals 0.9997. This suggests that almost 
all of the variation in the dependent variable (QSG) is explained by the exogenous 
variables.  
The variable, QSG appears twice in the supply equation: by itself and also in the 
ratio QEI/QSG. According to the properties of logs, ln(QEI/QSG) = ln(QEI) – ln (QSG).  
Therefore, the elasticity of the price of gasoline with respect to the quantity of gasoline 
supplied is equal to β1 – β2. The 2SLS regression yielded β1 equal to 0.606 and β2 equal to 
-0.032.  β1 is statistically significant at a 95.3% confidence level. β2 is significant at a 
95.2% confidence level. Thus, the affect of QSG on PG is equal to 0.606 minus -0.032, 
which equals 0.638.  
Because the supply equation is structured so that price is the dependent variable, 
the inverse of (β1 – β2) yields the traditional price elasticity of supply, 
%௱ொ%௱௉. The inverse of  
0.638  equals 1.567. In other words, a one percent increase in the price of gasoline 
prompts a 1.567 percent increase in the quantity of gasoline supplied. Because the 
absolute value of the price elasticity is greater than one, the quantity of gasoline supplied 
is said to be relatively elastic with respect to the price of gasoline. An elastic price 
Number of Observations = 172
Name Variable Coefficient Robust Std. Err. P-Value
Quantity of Gasoline Supplied ln(QSG) 0.606 0.305 0.047
Ethanol per Gallon of Gasoline ln(QEI/QG) -0.032 0.016 0.048
Price of Ethanol ln(PEthanol) -0.008 0.058 0.888
Refinery Yield Percentage ln(YieldG) -0.790 0.326 0.015
Price of Oil ln(Poil) 0.952 0.061 0.000
Quantity of Hurricanes hurricanes -0.010 0.006 0.090
Constant _cons -3.231 3.851 0.401
Gasoline Supply Regression
ln(PGas) = β0 + β1ln(QSG) + β2ln(QEI/QSG) + β3ln(PEthanol) + β4ln(YieldG) + β5ln(Poil) + β6(hurricanes)+ ξ 
Uncentered R2 = 0.9997
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elasticity of supply makes sense because the OPEC cartel, which controls the supply of 
oil can dictate how much gasoline is supplied. Gasoline refineries have some flexibility 
with respect to changing supply in response to prices. Refineries hold some inventories 
on which they can draw to increase supply when prices are high. Large increases in 
supply, however, are limited by the production capacity of refineries in the short run.  
Reductions in the gasoline supply are not subject to such constraint. When prices are low, 
refiners can reduce supply by simply cutting back production or adding to inventory.  
Other things equal, the coefficient on QEI/QSG measures the sole effect of a 
change in the quantity of ethanol inputs, QEI. This is the case because the assumption 
“other things equal” requires that QSG be constant (since QSG is one of the other 
exogenous variables). Holding overall supply fixed, the price of gasoline changes as the 
ethanol component changes. The results of the regression yield a coefficient of β2 equal to 
-0.032 that is statistically significant (P-value = 0.048). These results suggest that an 
increase in ethanol inputs leads to a modest reduction in the price of gasoline.  
Ethanol inputs can also affect the price of gasoline via a change in the price of 
ethanol. Considering that ethanol is an input in gasoline, an increase in the price of 
ethanol will likely raise the price of gasoline. The coefficient on PE, β3, is not statistically 
significant, however. According to the 2SLS regression, the null hypothesis that β3 equals 
zero cannot be rejected. This lack of significance is likely explained by the fact that 
national data for the price of ethanol are not available. The only data available are the 
data for the market price of ethanol in Omaha, Nebraska. Purchasing the national price 
data might yield better results for this variable.   
 The exogenous variable refinery yield “represents the percent of finished product 
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produced from inputs of crude oil and net inputs of unfinished oils” (EIA). This variable 
captures improvements in refining technology and processes. An increase in refinery 
yield reduces the average cost per gallon of gasoline. Reduced costs make refiners willing 
to supply more gasoline at every price. This is represented graphically by a rightward 
shift in the supply curve. β4 equals -0.790 at 98.5% significance. The negative sign of this 
coefficient is as expected. An increase in refinery yield shifts the supply curve to the right 
resulting in a lower price of gasoline. 
It is expected that the coefficient on the price of oil will be positive and 
significant since oil is the primary input in gasoline. The 2SLS regression resulted in the 
coefficient on POIL (β5) equal to 0.952 at 100% significance. This positive sign on β5 
means that an increase in the price of oil leads to an upward shift in the supply curve. 
That the relationship is almost 1 to 1 and highly significant corresponds with 
expectations, confirming that the price of gasoline is closely related to the price of oil. 
The quantity of hurricanes variable is a proxy for the unplanned refinery outages 
that occur due to extreme weather events. An unplanned outage is represented by a 
contraction in supply which puts upward pressure on the price of gasoline. The expected 
sign of β6 is positive. The results yielded a coefficient of β6 equal to -0.012, however. The 
incorrect sign is likely explained be the fact that this variable is not a perfect measure of 
the number of unplanned refinery outages. Data on the number of outages is not 
available, so the quantity of hurricanes was used in its place with the hope of capturing 
this purely exogenous shift in supply. 
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3.6 Identification Tests 
 The table below summarizes the results of the identification tests for the 
regression of the supply function. 
 
The Hansen J Statistic tests the assumption that the instruments are not correlated 
with the error. A rejection of the null hypothesis that the instruments are uncorrelated 
with the error casts doubt on the independence of the instruments. In the gasoline supply 
function the null hypothesis is not rejected. The set of instruments is satisfactory.  
 The Kleibergen-Paap rk LM statistic tests whether the model is properly 
identified. A failure to reject the null hypothesis suggests that the model is under-
identified. The supply function is sufficiently identified as the null hypothesis is rejected 
at a 99.8% significance level.  
3.7 Discussion 
The gasoline supply function estimated in section 3.5 reveals the answers to the 
following questions. Does the proportion of ethanol per gallon of gasoline affect the price 
of gasoline? If so, how? Because the coefficient on QEI/QSG is significant (at a 95% 
confidence level), it can be concluded that ratio of ethanol inputs does have a significant 
impact on the price of gasoline. The results yielded a coefficient on QEI/QSG equal to -
0.032. The negative sign suggests that as the proportion of ethanol inputs increases, the 
price of gasoline falls. The magnitude of the coefficient reveals that this price decrease is 
Name Description Statistic Chi-Sq P-Value
Hansent J Statistic Over-identification Test of All Instruments 0.066 Chi-sq(2) 0.9676
Kleibergen-Paap rk LM 
statistic Under-identification Test 14.669 Chi-sq(3) 0.0021
Gasoline Supply Function Identification Tests
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relatively small, however. For very small changes in price, it can be assumed gasoline 
demand is inelastic and thus the equilibrium quantity of gasoline is fixed. See graph 
below. Assuming inelastic demand, a one percent increase in the quantity of ethanol 
inputs leads to a 0.032% decrease in the price of gasoline. 
 
 The impact on the price of gasoline is minimal even for ten percent increases in 
the quantity of ethanol inputs. For example in May 2008, ethanol accounted for 5.61% 
percent of each gallon of gasoline on average. If the proportion of ethanol increased by 
ten percent, ethanol would account for 6.171% percent of each gallon of gasoline. 
According to the coefficient on QEI/QSG from the supply equation, this ten percent 
increase in the amount of ethanol per gallon would reduce the price of gasoline by 0.32%, 
bringing it from $3.15 4/10 to $3.14 9/10. The table below summarizes these results.    
 
Date Price QSG QEI QE/QSG
(Dollars per Gallon) (thousand Barrels) (thousand Barrels) (Percent)
May-08 $3.154 263241 14768 5.610%
% Change -0.32% 0% 10% 10%
Change -$0.005 0 1477 0.5610%
Result 3.1489 263241 16245 6.1711%
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 Thus, changing the amount of ethanol per gallon does not have significant effects 
on the price of gasoline. It should be noted, however, that as the proportion of ethanol per 
gallon grows, the effect on the price of gasoline will become larger. 
 A secondary way in which ethanol inputs could impact the price of gasoline is 
through a change in the price of ethanol. This model did not yield a significant coefficient 
for the price of ethanol. In addition to the fact that the data fail to represent the national 
price of ethanol, the lack of significance could also be explained by the fact that during 
the sample period ethanol inputs accounted for only a small portion of each gallon of 
gasoline. As the amount of ethanol per gallon grows, however, it is likely that changes in 
the price of ethanol will trickle down to the price of gasoline.  
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Chapter IV: Conclusions 
 
 The advantages of using ethanol as a transportation fuel include reducing the 
nation’s dependence on foreign oil, limiting carbon dioxide emissions from automobiles 
and producing fuel from a renewable source. But, these advantages are not as beneficial 
as they seem. 
 The United States is still highly dependent on foreign oil. In the year 2008 alone, 
the US imported 3.5 billion barrels of crude oil (EIA). To make a dent in this number, the 
quantity of ethanol per gallon would have to increase drastically. Recent years have seen 
the introduction of flex-fuel vehicles which can run E85, a gasoline blend that contains 
85% ethanol. Sales of these vehicles are currently limited due to the lack of E85 fueling 
stations. As of 2007, there were only 1,200 such stations in the United States (Makower 
2008).   
Another perceived advantage of ethanol fuel is the reduction in carbon dioxide 
emissions. While ethanol does burn cleaner than gasoline, several studies suggest that the 
carbon released during its production more than offsets the emissions savings. A study in 
the Proceedings of the National Academy of Sciences found that “the combined climate-
change and health costs are $469 million for gasoline [but] $472–952 million for corn 
ethanol depending on biorefinery heat source (natural gas, corn stover, or coal) and 
technology” (Hill 2009). A related concern is that as the demand for ethanol grows, forest 
lands will be converted to croplands. In doing so, the carbon that the forests had 
sequestered will be released and the biodiversity of the habitat will be lost. 
In addition to the negative consequences just discussed, this thesis finds that 
ethanol production has substantially increased the price of corn. The price per bushel was 
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19% higher than it would have been if not for ethanol during the period from 1986-2001. 
The impacts of higher corn prices are far reaching. The problem is not as simple as higher 
prices for corn on the cob. The majority of American foods contain some form of corn 
derived product, such as corn syrup, corn starch or corn flour. Most of the meat sold in 
America comes from animals that are fed corn. So increases in the wholesale market 
price of corn will trickle down throughout the food system. 
The consequences of higher corn prices extend beyond America’s borders, as 
well. In 2007, 19 percent of the US corn supply was exported. Higher food prices are 
particularly painful in developing countries that depend on imports to feed their 
populations. Some countries lack the geography or climate necessary to produce their 
own food, while others experience limited production due to political instability. Many 
developing countries also rely on aid to mitigate economic shocks. Higher food prices 
make food aid more expensive to provide (Rosen 2008). 
Furthermore, this thesis finds that there are no significant fuel cost savings as the 
quantity of ethanol per gallon is increased. Thus, while ethanol has raised the price of 
corn, it has failed to substantially decrease the price of gasoline. 
As the situation currently stands, it is my opinion that using ethanol as a 
transportation fuel is not a desirable alternative. The costs are many and the benefits few. 
The future of the ethanol industry is uncertain, however. According to the USDA’s 2007 
long-term projections ethanol production will grow to 12 billion gallons by 2015. But in 
2008, the economic situation changed. The price of oil decreased making ethanol and 
other alternative fuels relatively more expensive.  
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There is also potential for energy sources other than corn-based ethanol to meet 
the nation’s needs. Currently, research is being conducted in the field of cellulosic 
ethanol. Though it is currently too expensive to be produced at competitive prices, it has 
garnered a lot of interest. Cellulosic ethanol can be produced from less valuable products 
such as prairie biomass or switchgrass. Additionally, cellulosic ethanol is estimated to 
have fewer negative effects on the environment. In contrast to the estimated $472 million 
climate-change and health costs for corn-based ethanol, cellulosic ethanol would cost 
only $123–208 million depending on feedstock (prairie biomass, Miscanthus, corn stover, 
or switchgrass) (Hill 2009). Perhaps then, the problem is not ethanol itself, but the 
decision to derive ethanol from corn. Given that corn-based ethanol is currently the 
standard for American ethanol production, it is my opinion that ethanol is not a good 
solution for America’s energy needs. 
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Appendix 1: Sources of Data for Regression on the Price of Corn 
The regressions for the supply and demand for corn were conducted with national 
data. Based on data availability, the supply function was regressed using annual data 
from market year 1974 to market year 2007 (33 observations). The corn marketing year 
starts in September and ends in August. The demand function was regressed using 
quarterly data from September 1987 to the quarter ending in August 2007 (80 
observations). The quarters correspond to the marketing year for corn: Sep. – Nov., Dec. 
- Feb., Mar. - May, June – Aug.  
 
Supply:   QS = f (PCORN, YieldCORN, PSOY2, subsid, PINPUTS,) 
 Instruments for PCORN: GCAU, PSOY 
 
Demand:  PCORN  = g(QD, QE/QD, GCAU, PSOY) 
 Instruments for QD: YieldCORN, PSOY2, PINPUTS, Q1, Q2, Q3 
 
Price of Corn (PCORN) 
This variable tracks the nominal price of field corn received by farmers, net of subsidies. 
The data were obtained from the National Agricultural Statistics Survey: Agricultural 
Prices Survey; they are measured in US dollars. “Agricultural Commodity Prices 
represent monthly and marketing year averages received by farmers at the point of first 
sale for all grades and qualities of the commodity sold. Points of first sale by farmers 
range from bulk sales at the farm to packed and graded products delivered to a local 
market. For crops the price refers to all sales, regardless of the year harvested. The 
average price concept is that price which would result from dividing the total dollars 
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received by all farmers, before any marketing charges are deducted, by the total quantity 
sold” (NASS). To obtain quarterly data for the demand regression, monthly prices were 
weighted by their monthly marketing percentage. 
 
Quantity of Corn Demanded (QD) 
The data for this variable correspond to the USDA data for corn utilization. The quantity 
of corn demanded includes the types of utilization summarized in the following table. 
Beginning and ending stocks are not included. The data were obtained from the USDA 
Economic Research Service Feed Grains Database; they are measured in million bushels. 
 
Quantity of Corn Demanded for Ethanol Production (QE) 
This variable measures the amount of corn used for fuel alcohol. The quantity of corn 
demanded for ethanol is a component of the total quantity of corn demanded (QD). The 
data were obtained from the USDA Economic Research Service Feed Grains Database; 
they are measured in million bushels. 
Quantity     
(million bushels)
5,938.13 46.6%
3026.13 23.8%
2,435.83 19.1%
1,315.45 10.3%
135.4 1.1%
490.3 3.8%
235.59 1.8%
261.77 2.1%
192.4 1.5%
21.83 0.2%
12,737.37 100.0%
Exports
Total Use
Corn Utilization: Market Year 2007
Use
Livestock Feed and Residual
Food, Alcohol and Industrial
Ethanol
Beverage Alcohol
High Fructose Corn Syrup
Glucose and Dextrose
Starch
Cereal and Other
Seed
Share of Total Use
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Ratio of Corn Used for Ethanol to Total Corn Use (QE/QD) 
This variable measures changes in the proportion of corn being used for ethanol 
production. The variable was constructed by dividing each QE observation by the 
corresponding QD observation.  
 
Grain Consuming Animal Units Index (GCAU) 
This index is a proxy variable to measure the demand for corn as animal feed. Grain-
Consuming Animals included in this index are cattle, poultry, hogs and other livestock. 
Other livestock (sheep, horses and mules) do not account for a significant portion of corn 
consumed. The GCAU index data were obtained from the USDA Feed Grains Database. 
 
The GCAU Index is not determined simultaneously with the price of corn because 
farmers make livestock production decisions based on previous corn prices and expected 
future prices. To ensure that GCAU is a predetermined variable with respect to the price 
of corn, the average life-spans of each the primary grain-consuming animals was 
considered. The average life expectancy of cattle is approximately 3.5 years or 14 
quarters. Cattle account for approximately 40% of the grain-consumed. The average life 
expectancy of poultry is 4 -7 weeks, or less than one quarter. Poultry account for 32% of 
the grain-consumed. The average life expectancy of a hog is 4-7 months or approximately 
2 quarters. Hogs account for 27% of grain consumed. The remaining 1% is consumed by 
animals such as horses and sheep with an average life expectancy of 15 years, or 70 
quarters. By weighting the life-expectancy of each group by its proportion in the index, I 
am able to calculate the approximate lag between the Grain Consuming Animal Units 
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Index and the Price of Corn. On average, farmers make their livestock production 
decisions 6.5 quarters prior to the current quarter. 
 
Animal 
Group 
Cattle Poultry 
 
Hogs Other 
Livestock 
Weighted 
Average 
Average Life 
Expectancy 
14 Quarters < 1 Quarter 2 Quarters 70 Quarters 6.5 Quarters 
Proportion of 
Index 
40% 32% 27% 1% 100% 
 
The GCAU data other than for cattle on feed are only available by market year. To better 
reflect the seasonal changes in the quantity of grain-consuming animals, the GCAU data 
were weighted by the quantity of “cattle on feed” in each quarter. 
 
Price of Soybeans (PSOY) 
This variable tracks the nominal price of soybeans received by farmers. These data were 
obtained from the National Agricultural Statistics Survey: Agricultural Prices Survey; 
they are measured in US dollars. To obtain quarterly data, monthly prices were weighted 
by their monthly marketing percentage. 
 
Price of Inputs (PINPUTS) 
These data come from an index of Prices Paid for Items Used for Production. All data are 
indexed against a base of 100 from the period 1910-1914. The data include Interest, 
Taxes, and Wage Rates. The data were adjusted from calendar year to marketing year by 
weighing the marketing year quarterly data by 2/3 and the calendar year quarterly data by 
1/3. The sum of the weighted data better approximates data according to the marketing 
year quarters. The data were obtained from USDA National Agricultural Statistics 
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Survey: Agricultural Prices Summary.  
 
Yield (YieldCORN) 
Yield accounts for many factors that affect the supply of corn including climate, weather, 
farm management practices, crop variety and soil type (Westcott and Hoffman, 1999). 
Yield is one component of total production, and therefore also a component of total 
supply. The correlation coefficient between ln(YieldCORN) and ln(QS) was calculated to 
ensure that yield and QS are not co-linear. The correlation coefficient is 0.1902; the two 
variables are not co-linear. Because the yield that occurs in the harvest season affects the 
supply for the entire year, the same value for yield was used in each of the four 
observations of the market year. The data for Yield were obtained from the USDA 
Economic Research Service Feed Grains Database; yield data are measured in bushels 
per acre.  
 
Lagged Price of Soybeans (PSOY2) 
This variable reflects the nominal price of soybeans from the previous planting period. 
For example, in each of the four quarters in market year 1987-88, the variable has a value 
equal to $4.93. $4.93 is the market price of soybeans from quarter 3 (March-May) of 
market year 1986-87.  The price data were obtained from the National Agricultural 
Statistics Survey: Agricultural Prices Survey; they are measured in US dollars. To obtain 
quarterly data, monthly prices were weighted by their monthly marketing percentage. 
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Subsidies (subsid) 
This variable is comprised of US government subsidies for corn production. The data 
were obtained from Eldon Ball, of the USDA. The subsidies included in these data are 
those “deemed to be distorting” by the USDA. Distorting subsidies are those which affect 
production decisions. Distorting subsidies include deficiency payments, in which the 
government guarantees that the producer will receive a minimum price, and loan 
programs, in which farmers are able to borrow money from the government and use their 
crop as collateral. If the crop fails, the farmer is not required to pay back the loan. Non-
distorting subsidies, such as transfers, which take place after production, are not included 
in the data. The data were converted from a calendar year to the corn market year using 
monthly weights. This variable was not regressed in log format because it contains some 
negative values. The data are measured in millions of dollars. 
 
Quarterly Dummy Variables (Q1 Q2 Q3) 
Three dummy variables were included to capture the seasonal changes in corn supply. 
Seasonal changes are significant, as all corn production takes place in the first quarter 
(Sep – Nov). Supply then falls for each of the following three quarters and rises again 
during the first quarter of the next market year. The dummy Q1 takes a value of one for 
each first quarter observation and has a zero value for each of the other three quarters. Q2 
has a value of one in the second quarter and Q3 has a value of one in the third quarter. A 
fourth quarter dummy was not included to prevent the violation of co-linearity among the 
variables. The fourth quarter is captured implicitly because for every fourth quarter 
observation the value of each of the three quarterly dummies is zero. 
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Appendix 2: Sources of Data for Regression on the Price of Gasoline 
 
The price of gasoline regression below will be conducted with national monthly data. 
Based on availability, I used data from January 1993 to April 2006. The variable 
measuring quantity of ethanol dictated this time frame, as data for the variable is only 
available starting in 1993. Using monthly data for this period yields 172 observations. 
Supply: PG = f(QSG, QEI/QSG, PE, YieldG, POIL, QHURRICANES) 
Instruments: VMT, GDP, PTRANSIT, PropReg, Month 
Price of Gasoline (PG) 
The price of gasoline used in this regression refers to the EIA’s “U.S. Refiner Gasoline 
Price: Sales for Resale.” Because data on the quantity of ethanol blended in gasoline are 
only available at the refinery level, (as opposed to at retail stations), the corresponding 
price of gasoline is that which is charged by refiners. The data do not include sales to end 
users. The price of regular gasoline was chosen because approximately 75% of gasoline 
sold during the sample period was regular. A composite price reflecting all grades was 
rejected in order to maintain the purity of the data. With a composite, changes in price 
could simply be due to changes in the proportion of each grade sold. The data were 
obtained from the Energy Information Administration’s Petroleum Navigator; these data 
are measured in cents per gallon and exclude taxes. 
 
Quantity of Ethanol (QEI) 
The quantity of ethanol inputs variable refers to the EIA’s “Refinery and Blender Net 
Inputs of Fuel Alcohol” data. This variable measures the aggregate quantity of ethanol 
that is “splash-blended” into unfinished motor gasoline. While the vast majority of 
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blending takes place at a terminal, this variable accounts for all fuel ethanol inputs 
including those by both refineries and terminals.18 The data were obtained from the 
Energy Information Administration’s Petroleum Navigator; these data are measured in 
thousands of barrels. 
 
Quantity of Gasoline Supplied (QSG) 
The quantity of gasoline variable refers to the EIA’s “Net Production of Finished Motor 
Gasoline” data. This variable measures the net production of finished motor gasoline at 
refineries and blenders. The data were obtained from the Energy Information 
Administration’s Petroleum Navigator; they are measured in thousands of barrels. 
 
Note: “Motor Gasoline includes conventional gasoline; all types of oxygenated gasoline, 
including gasohol; and reformulated gasoline, but excludes aviation gasoline. Volumetric 
data on blending components, such as oxygenates, are not counted in data on finished 
motor gasoline until the blending components are blended into the gasoline. Finished 
motor gasoline includes all ethanol blended gasoline (e.g. E10, E85)” (EIA). 
 
 
 
 
Quantity of Ethanol per Gallon of Gasoline (QEI/QSG) 
                                               
 
18 Refinery: An installation that manufactures finished petroleum products from crude oil, unfinished oils, 
natural gas liquids, other hydrocarbons, and oxygenates. (EIA Glossary) 
Blending Plant: A facility which has no refining capability but is either capable of producing finished 
motor gasoline through mechanical blending or blends oxygenates with motor gasoline. (EIA Glossary).  
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Because data measuring the volume of ethanol per gallon of gasoline are not available, 
the quantity of ethanol inputs was divided by the quantity of gasoline to determine the 
proportion of ethanol inputs being blended into gasoline for each month.  
 
Price of Ethanol (PE) 
This variable tracks the average monthly rack price per gallon of ethanol Free On Board 
in Omaha, Nebraska. The data were obtained from the Nebraska State Government’s 
Energy Office. Data for the national average price of ethanol are not available; the 
Nebraska State Government is the only available source of market prices for ethanol. 
This model assumes that the movements in the price of ethanol in Nebraska are reflective 
of movements in the national price and will similarly impact the price of gasoline. The 
price of ethanol is measured in US dollars. 
 
Yieldgas 
The variable for refinery yield was included to reflect changes in refining technology and 
efficiency. The data are obtained from the Energy Information Administration. According 
to the EIA definition, “refinery yield (expressed as a percentage) represents the percent of 
finished product produced from input of crude oil and net input of unfinished oils. It is 
calculated by dividing the sum of crude oil and net unfinished input into the individual 
net production of finished products. Before calculating the yield for finished motor 
gasoline, the input of natural gas liquids, other hydrocarbons and oxygenates, and net 
input of motor gasoline blending components must be subtracted from the net production 
of finished motor gasoline.” 
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Price of Oil (Poil) 
The price of oil data correspond to the “Refiner Acquisition Cost of Crude Oil 
Composite” data in the Energy Information Administration’s Petroleum Navigator. The 
data are measured in nominal dollars per barrel. The composite cost is the weighted 
average of domestic and imported cruel oil costs.  
 
Number of Hurricanes (QHURRICANES) 
This variable measures the quantity of hurricanes with reported financial damage each 
month. The data measure the number of hurricanes in the entire United States, not just 
states with refineries. But since hurricanes are randomly distributed the actual number of 
hurricanes in the US is likely highly correlated with the number of hurricanes in states 
with refineries. This variable is intended to capture the effect of unplanned refinery 
outages due to hurricanes. The actual number of unplanned refinery outages is not 
available to the public. The data were obtained from the National Oceanographic and 
Atmospheric Association’s Atlantic Hurricane Season Annual Review.  
 
Proportion of Regular Gasoline (PropReg) 
This variable measures the proportion of regular grade gasoline sold. This variable is 
exogenous because the proportion is determined by automakers when they decide which 
types of engines to produce. The variable was constructed by dividing the quantity of 
regular gasoline sold by the sum all grades sold. The data correspond to the EIA’s 
“Wholesale/Resale Volume by Refiners” data for regular grade gasoline and for all 
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grades combined. The data for this ratio are obtained from the EIA’s Petroleum 
Navigator and are measured in thousands of barrels per day. 
 
Traffic Volume (Traffic) 
This variable is comprised of a 12-month moving average of Annual Vehicle Distance 
Miles Traveled. The data were obtained from the Federal Highway Administration’s 
“Traffic Volume Trends for November 2008” and are measured in billion miles. 
 
Month 
The model includes an indicator variable to capture the effect of seasonal swings in the 
demand for gasoline. The price of gasoline tends to increase in late spring and remain 
high through late summer. A value of 1 has been assigned to the high-demand months: 
May, June, July and August. All other months take on a zero value. 
 
Consumer Price Index – Public Transportation (Transit) 
This variable represents the price of substitutes for motor gasoline. The data are obtained 
from the Bureau of Labor Statistics’ Consumer Price Index (Current Series) – All Urban 
Consumers. The series number for the data is CUSR0000SETG02. The data are not 
seasonally adjusted. The area is U.S. city average; the item is public transportation: other 
intercity transportation, which excludes the price of airlines. Airlines were not deemed to 
be an immediate substitute for gasoline-powered cars. The data are measured with base 
period 1982-84 = 100.  
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Real Gross Domestic Product (GDP) 
Real GDP per capita is included to reflect macroeconomic changes in demand in both the 
business and household sectors of the economy. This variable is measured on a per capita 
basis (as opposed to aggregate) to avoid co-linearity with traffic volume which also 
increases as the population grows. The data for GDP were obtained from Macroeconomic 
Advisors, LLC.  The data are an index of real aggregate GDP. This indicator of real 
aggregate output is conceptually consistent with real GDP in the [National Income and 
Product Account of the Bureau of Economic Analysis].19 This index was used because 
the Bureau of Economic Analysis does not have GDP data available on a monthly basis. 
 
 
 
 
 
 
 
 
 
 
                                               
 
19 According to Macroeconomic Advisors, LLC, “the consistency is derived from two sources.  First, the 
index is calculated using much of the same underlying monthly source data that is used in the calculation of 
GDP.  Second, the method of aggregation to arrive at the index is similar to that for official GDP.  Growth 
of index at the monthly frequency is determined primarily by movements in the underlying monthly source 
data, and growth of the index at the quarterly frequency is nearly identical to growth of real GDP.” 
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Appendix 3: Variables Not Included in Corn Model 
 
In determining which variables to include in the model, factors affecting both the 
supply and demand for corn were considered. On the supply side, a variable measuring 
stocks was tested in addition to the variables actually included in the model. Several 
variations of a stocks variable were tested, including beginning stocks and lagged 
beginning stocks (stocks of corn remaining at the beginning of the previous planting 
season). A stocks variable was rejected in favor of quarterly dummies which were better 
able to capture the seasonal trends of the corn market. 
Several demand side variables were also tested including real GDP, the exchange 
rate between the United States and Japan, the price of oil and dummy variables for 
changes in ethanol regulations and policy. A variable measuring real GDP was tested to 
capture changes in demand due to changes in the average income of firms and 
households. This variable proved to be unnecessary because the grain-consuming animal 
units already captured the major changes in macroeconomic demand. The exchange rate 
between the Japanese Yen and the US dollar was initially included to reflect the demand 
for corn from abroad. During the sample period, exports made up approximately 20% of 
total US corn use and Japan is the largest buyer of US corn exports (ERS, USDA). The 
exchange rate did not do a good job explaining the change in exports, however. This is 
likely because exchange rates are sensitive to a variety of factors. Furthermore, though 
Japan is the largest buyer of, the country only accounts for a fraction of total corn 
exported from the US.  
Variables for the price of oil as well as dummy variables for changes in ethanol 
regulation were tested to capture the changes in corn demand due to increased ethanol 
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production. None of these variables did a good job explaining the variation in the price of 
corn. This is not surprising given that QE/QD was also statistically insignificant. 
  
Evangelista 
67 
 
References 
Baker, Allen and Steven Zahniser. 2007. Ethanol Reshapes the Corn Market. Amber 
Waves. ERS, USDA. 
 
Baum, Christopher F. 2006. An Introduction to Modern Econometrics Using Stata. 
Texas: Stata Press 
 
Baum, Christopher, Mark Schaffer, and Steven Stillman. 2007. Enhanced routines for 
instrumental variables/generalized method of moments estimation and testing. 
The Stata Journal. United States: Stata Press. 
 
Bureau of Economic Analysis, Department of Commerce. National Economic Accounts. 
http://www.bea.gov/ (accessed December 2, 2008). 
 
Energy Information Administration, DOE. Petroleum Navigator. http://www.eia.doe.gov/ 
(accessed October 8, 2008). 
 
Energy Information Administration, DOE. September 2002. Analysis of Selected 
Transportation Fuel Issues Associated with Proposed Energy Legislation – 
Summary. http://www.eia.doe.gov/oiaf/servicerpt/fuel/gasoline.html (accessed 
January 20, 2008). 
 
Economic Research Service, USDA. Feed Grains Database. 
http://www.ers.usda.gov/Data/FeedGrains/ (accessed September 16, 2008). 
 
Economic Research Service, USDA. Briefing Room: Corn. 
http://www.ers.usda.gov/Briefing/corn/ (accessed October 13, 2008). 
 
Hill, Jason, Stephen Polasky, Erik Nelson, David Tilman, Hong Huo, Lindsay Ludwig, 
James Neumann, Haochi Zheng, and Diego Bonta. 2009. Climate change and 
health costs of air emissions from biofuels and gasoline. Proceedings of the 
National Academy of Sciences 2009 : 0812835106v1-pnas.0812835106. 
 
Macroeconomic Advisors, LLC. 2009. Monthly GDP Index. 
 
Makower, Joel. 2008. State of Green Business 2008. Greener World Media. 
 
Manitoba Government. Energy Development Initiative. Ethanol Fuels. 
http://www.gov.mb.ca/stem/energy/initiatives/ethanolfuels.html (accessed 
November 7, 2008). 
 
National Agricultural Statistics Service, USDA. National Agricultural Prices Summary. 
Various issues. http://usda.mannlib.cornell.edu/ (accessed December 5, 2008). 
 
Nebraska State Government. Nebraska Energy Statistics. Available at 
Evangelista 
68 
 
http://www.neo.ne.gov/statshtml/index3c.html (accessed October 24, 2008).  
 
Renewable Fuels Association. Available at http://www.ethanolrfa.org/. (accessed 
September 28, 2008). 
 
Rosen, Stacy and Shahla Shapouri. 2008. Rising Food Prices Intensify Food Insecurity in 
Developing Countries. Amber Waves. Vol. 6. Issue 1. ERS, USDA. 
 
Studenmund, A.H. 1997. Using Econometrics: A Practical Guide 3rd ed. United States: 
Addison-Wesley Educational Publishers. 
 
Westcott, Paul C. 2007. Ethanol Expansion in the United States: How Will the 
Agricultural Sector Adjust? / FDS-07D-01 ERS, USDA. 
 
Westcott, Paul C. 2007. US Ethanol Expansion Driving Changes Throughout the 
Agricultural Sector. Amber Waves. ERS, USDA. 
 
Wooldridge, Jeffrey M. 2006. Introductory Econometrics: A Modern Approach 3rd ed. 
United States: Thomson Southwestern. 
 
 
